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ABSTRACT 
econdary lysosomes of guinea-pig keratinocytes were labeled. in v1vo, with an electron 
microscopic marker (Thorotrast) that can be identified both within stable lywsomes and. 
after lysosome ly is, in extralysosomallocations.Immediatelv after Irradiation with lOand 20 
min1mal erythemal doses delivered from an ultra\ iolet light source in vivo. the large majority 
of epidermal lysosomes was intact but occasional lyso:.omes exhibited ruptured membranes 
and a spilling of tracer into the cytoplasm. Morphologic s1gns of early L'V damage to the 
cytoplasm were present immediately after irradiation but these occurred also in the absence 
of lysosome lysis. Unirradiated controls showed no cytoplasmic damage but the same amount 
of lysosome lvsis as the irradiated animals. With regard to lysosomes and lysosome lysis there 
was no difference between nonirradiated and irradiatecl animals biopsied immediately after 
UV -exposure. Two. 6, and 12 hr after irradiation the irradiated animals exhibited a greater 
degree of lyso::.ome lysis than the controls. 
It is concluded that lysosome lysis accompanies the UV reaction of the epidermis but the 
present study pro,·ides no evidence that it represents an initial pathogenic event. 
A considerable amount of mformation is now 
available on the effect of ultra' wlet light on 
epidermal nucleic acid synthesis. on epidermal 
enzymes, and on the cell kinetics and morphology 
of the epidermis [11. On the other hand. efforts to 
localize the primary photochemical site of the UV 
erythema have been largelv unsuccessful. One 
recently reviewed hypothesis [1 J holds that radiant 
energy triggers a photochemical reaction within 
the epidermis which, in turn. liberates mediators 
or mediator-like substances that diffuse into the 
dermis where they produce vasodilatation . orne 
investigator!\ believe that epidermal lysosomes are 
involved in this process; this conclusion is based on 
assays for acid phosphatase in irradiated skin 
[2,3 J, on indirect evidence derived from skin irradi-
ated in organ culture (41. and on histochemical 
observations that have implicated epidermally::.o-
somes as primary site!-. of the sunburn reaction 
[5,6 ]. Indeed, the epidermal lyso~ome appear!\ w 
be a good candidate for a primary photochemical 
reaction site as ultraviolet light is known to induce 
lysis of isolated (rat liver) lysosomes in vitro (7,8]. 
Lyso!-.omal membranes are more susceptible to 
radiation damage than mitochondria or cytomem-
branes [8 J and within the epidermis they should be 
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sufficientlv expo:.ed to ser\e as targets for radiant 
energy . 
Though compatible with the general idea of 
lysosomal involvement somewhere in the ~unburn 
reaction. the available data have not settled the 
quest ion of whether lysis of lysosomes is a primary 
or secondary phenomenon. Evidence in favor of 
either alternative could be obtained if identifiable 
lvsusomes were shown to Ivse and if this could be ~orrelat ed with other kno~vn change induced by 
UV lighr. This, however. requires an experimental 
system which permits the actual observation of 
epidermal lysosomes and monitoring of their be-
havior during and after UV irradiation in vivo 
Though ult ra~lructural cytochemistry represents 
one possible approach to this problem. it may yield 
equivocal results since "free" acid hydrolase. re-
leased from labilized lvsosomes. may not be bound 
and thus may escape- visualization: On the other 
hand. intact lysosomes are often not accessible to 
the cytochemu~al substrate and absence of staining 
may also be subject to misinterpretation. Since, to 
date, it has not been possible to obtain pure frac-
tions of epidermal lysosomes for in vitro studies, 
we have labeled epidermal lysosomes in vivo with a 
marker that can he identified both within stable lv-
sosomes and within the cytoplasm after lysoso~e 
lysis has occurred. This paper details the results of 
this approach. 
MATF.HlALs A:-10 METHODS 
Princtple of the experimenl. To label lvsosomes of 
keratinocytes the electron microscopic trace~ Thorotrast 
was employed. When inJected into the skin the tracer is 
phagocytized by keratinocytC!! in which it induces the 
formation of secondary lysosomes, and since it is not 
decomposed it remains within these lysosomes serving as 
a lyso;,omal marker 191. This system was employed in the 
present experiments as it was anticipated that labiliza-
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lion and rupture of lysosomes would lead to spilling of the 
tracer into the cytoplasm where it could be detected by 
electron microscopy. Secondary lysosomes are particu-
larly vulnerable to lysosomal labilizer~ [10) and it' was 
therefore assumed that if UV light has any labilizing 
effect on epidermal lyso!'Omes tn vivo, lysosome lysis 
should become evidE-nt by such spilling phenomena. 
Material. Albino, red, and brown guinea pigs were 
used in these expenments. Thorotrast. obtained from 
Fellow~ Testagar, Inc., Detroit, lot 15098. served as 
tracer. [rradiation was performed with a high-pressure 
quartz mercury lamp (Kromayer lamp). 
Prot:edure . Aliquots of 0.1 ml Thorotrast were injected 
intradermally into the ears of guinea pigs that had been 
kept in the dark for 7 days . The animals were maintained 
in a dark environment for another 4 days to allow for a 
complete resolution of possible cellular damage created 
by the injection procedure. Previous studies had shown 
that after this period of time the epidermis is completely 
normal and that lysosomes are continuously formed 
within keratinocytes [9]. On da) 4 the injected sites were 
irradiated with 10 and 20 minimal erythemal doses 
{MEDl dehvered from a Kromayer lamp. Biopsie5 were 
performed immedtately, 2. 6, and 12 hr after irradiation. 
injected. nonirradiated animals kept in the dark. and 
non injected, irradiated animal~ served as control . Eight 
experiments were performed employing 23 animals. 
Elet:tron mtcro.~cOp.\ and electron cytochemiStrv. Bi -
opsy specimens from expertmental and control ammals 
were minced with razor blades and fixed for 5 hr in a 1: 1 
dilution of Kamovsky's formaldehyde-glutaraldehyde 
fixative [ll I at room temperature. After an overnight 
rinse in 0.1 M cacodylate buffer, pH 7.2, they were 
postfixed in unbuffered aqueollh 3% osmium tetroxide at 
0-4 °C, stained en bloc in 0.5~ uranyl acetate in 0.8 M 
barbital acetate buffer, pH 7.3, and after rapid dehydra· 
tion in a graded series of alcohols they were embedded in 
Epon 812. 
Ultrastructural demon~trat ion of acid phosphata~:.e~: 
Specimens from injected. nonirradiated skin were fixed 
in a 1:1 dilution of Kamovsky's fixative [1 I) for 2 hr at 
room temperature, rinsed as described above, and sec· 
tioned at 40 50 ll on a mtth & Farquhar tissue chopper. 
The sections were incubated in a Gomori·lype incubation 
medium [12) employing P·glycerophosphale !Sigma. no. 
G·6251, grade 1) fixed in 3~ osmium tetroxide and 
processed for electron microscopy as described above. 
Controls were incubated without substrate. 
Lablitzation of f:,sosomes tn L•itro. Thin slices of 
injected skin were incubated in 0.25<0< Triton-X·LOO for 15 
min at room temperature, fixed as described above, and 
processed for electron microscopy. 
Eualuation of electron mtcrograph,~. Randomized ul -
trathin sections cut from randomized blocks were coded 
and evaluated independently by three investigators using 
a Zeiss EM 98 electron microscope. Electron micrographs 
were taken at random from all viable layers of the 
epidermis, using an original magnification of 7,1)00. 
Prints enlarged to a final magnifica! ion of 23,000 were 
again e\•aluated independently by each investigator and 
it was only then that the code was broken. A total of 142 
blocks were cut and 341 electron micrographs were 
evaluated . 
RF$l LTS 
ldenti(icatwn of Lnosome:s 
Secondary lysosome~ were consistently found in 
the keratinotjles of all viable layers of the epider-
mis of injected, irradiated and injected, nonir-
radiated skin. They presented ovoid or ~pherical 
vacuoles which measured up to O.fi and 1.0 1.1 in 
diameter and were delimited by a single trilaminAr 
membrane . Thev contained variable amounts of 
Thorotrast which was easily identified bv its high 
electron density and typical granular structure 
(Fig. 1). 
The lyso~omal nature of th(' organell e,.. marked 
bv th(' tracer was verified bv their react i\it v for 
a~id phosphatase as demonstrated by ultrastruc-
tural cytochemistry. Thorotrast-labeled lysosomes 
contained a patch.} electron-dense reaction prod-
uct that was easily distinguished from the granu-
lar, rather uniform, tracer particles within the 
confines of their membrane (Fig. 2). A~ noted 
previously, acid phosphatase acti' ity was also 
detected within Golgi cisternae. small Golgi -
associated vesicles, Odland bodies, and, in the 
pigmented animals. within melanosome compiPxes 
11:3 17). 
Nontrradiated Control., 
The epidermis on nonirradiated controls shows 
no cellular or subcellular alterations except for the 
presence of a large number of labeled lysosomes 
(Fig. 1). ThP overwhelming majority of the~e 
lysosomes was intact, i.e., their membrane;; exhib 
ited no structural alterations, break;;, or discon-
tinuities; the tracer was confined to their interior 
and was not detected free in the cytoplasm (Fig. 1). 
Occasional cells, however, showed a phenomenon 
that was interpreted as lysosome lysis: tracer was 
FJG. 1: 'oni rradiated control. Ly~osomes labeled with 
Thorotrast within a kerat inocyte. ;-./, nucleus; ~. mito· 
chcmdriun ( · 46,000) 
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Ftc. 2: Nonirradiated control. Two epidermal lyso-
somes labeled with Thorotrast. One of them contains 
patchy electron-dense reaction product indicating acid 
phosphatase acltvity (arrow APJ. Though of similar eler-
tron density, the reactton product and the granular 
Thorotrast particle, (arrows T) can be distinguished on 
morphologic grounds. :-.!. nucleus. ( < 81,2001 
found in an extralyso~omal location free in the 
cytoplasm, usuall-. distributed diffusely in the 
vicinit:- of lysosomes (Fig. :~). The cytoplasm 
proper and rytoplasm1r organelles. howe\'er. ap-
peared completely normal. In rare instances the 
tracer was art ually seen to spill into the cytoplasm 
through breaks in the lysosomal membranes. 
Again it should he stres,ed that this phenomenon 
occurred onh in occasional, disnete cells and that 
it was al mo~ ... t ex,·lusi\elv confined to the upper 
epidermal layer:-. 
Irradiated Skm 
Ear" chan,l/es. Htopt-\ sper1mens obtained im-
mediate!:- after U\' exJX):o.ure exhibited s tructural 
alterations which were consistent w1th early L'\'-
induced cytoplasmic damage. Identical changes 
were observed after irradiation with 10 and 20 
MED and were almost exclusively confined to the 
Ftc. 3: onirradiated control. Tracer within lyso-
somes (arrows) and diffusely distributed (asterisk) within 
the cytoplasm. Spilling of tracer and thus lysosome lysis 
are evident. t'\, nucleus. ( >< 11.500) 
upper epidermal layers . A moderate number of 
discrete keratinocytes exhibited nuclear and peri-
nuclear edema and juxtanuclear vacuoles of varia-
ble s ize which recently have been sh0\\111 to repre-
sent osmotically distended endoplasmic reticulum 
118 ]. In some cells there was vacuolation of the 
keratohyalin, and in a few cells signs of incipient 
cytoly:-is were apparent even at this early stage 
after U \ ' irradiation. The majority of the keratino-
cytes, however, appeared unaltered . 
Lysosome::; labeled by Thorotrast were present in 
most cells. They appeared structurally intact, their 
membranes were uninterrupted , and the tracer was 
confined to their matrix. T racer particles were 
usually not seen free in the cytoplasm of these cells 
(Fig. 4). However, as in the nonirradiated controls 
there were also occasional cells in the upper layers 
of the epidermis that exhibited lysosomes with 
ruptured membranes Wig. 5) from which tracer 
had been released and was now found free in the 
cytoplasm. Most of these cells exhibited cytoplas-
mic feature;. that were completely normal but 
there were also some cells that showed the UV-
induced structural changes described above. More 
frequently . however, keratmocytes were observed 
that exhibited considerable cytopla!.mic and nu-
clear edema. vacuoles. or vacuolated keratohyalin, 
hut contained in tart lysoso me~ and no tracer in the 
cell sap . A few cells even showed frank cytolysis 
with intact lysosomes noating in the lysed cyto-
plasm (Fig. 61. The membranes of these lysosomes 
appeared uninterrupted and a lthough they con-
tained ron,.,idernble amounts of tracer there were 
no leakage phenomena. 
No relationship could be established between 
absence, pre;.ence. or grade of cytoplasmic damage 
and leakage of tracer from lysosomes in irradiated 
skin. Careful comparisons between irradiated epi-
dermis and non1rradiated controls re\'ealed differ-
ences neither with regard to the behavior of lyso-
somes nor to the frequency and grade of spilling 
phenomena. 
Late chanpes. The morphologic alterations ob-
served in the biop:-y specimens obtained 2, 6. and 
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Ftc. 4: Irradiated skin biopsy obtained immediately 
after irradiatton. Thorotrast-labeled lysosomes are pres-
ent within the keratinocvtes (arrows). Note intact lvsoso-
mal membranes and absence of free tracer particles from 
the cytoplasm. , nucleus. (" 11.5001 
Ftc. 5: Irradiat ed skin biopsy immediately after irra-
diation. Thorotra~t-labeled lysosomes within keratino-
cyte. Arrow tndicates lysosome lys1s and spilling of the 
tracer into the cytoplasm. N. nucleus: M. mitochondria . 
( 40,6001 
12 hr after 1rrad1ation corresponded to those de-
scribed previouslv hy others [19.20 ]. The appear-
ance of trregular dense bodtes. autophagic var-
uoles. dyskeratosts of individual cells. and super-
F1c. 6: Irradiated skin biopsy Immediately after irra-
diation. Incipient cytolysis (upper spinous layer). 
Asterisks indicate nuclear and cytoplasmic edema. Lyso-
some. (arrow) are intact and there is no leakage of tracer. 
M. mitochondnon; :"II, nudeus. t • 13.000) 
ficial parakeratm;is marked the 6- and 12-hr speci-
mens . 
In these "I ate" !ipecimens there were also more 
intact lysosomes than damaged ones and the 
majorit\ of cells failed to exhibit diflu>-e tracer 
within thetr cytoplasm. However. there was a 
greater degree of lysosome lysis than in the 0-hr 
specimens. Thi!-. was found to increase steadily 
from the 2 hr to the 12-hr penod. 
Sunburn cells frequently exhibited intact lyso-
somal structures that were labeled h~ the trater 
and were embedded between clumped tonofila-
ments (Fig. 71: occasionally. the tracer was dif-
fusely distributed within these dyskeratotic cells. 
Labtltzatwn of Ly~osome.> by Tnton X-IO<J 
Lysis of labeled lysosomes was regularly demon-
strated in the biopsy specimens that had been 
incubated in Triton X-100. Spilling of the t racer 
into the cytoplasm was observed in a considerable 
number of keratinocytes (Fig. 8) and there was by 
far more ly~o!;omal damage than in the irradiated 
skin or nonirradiated controls. Other changes ob-
served included a widening of the mtracellular 
spaces and moderate cvtoplasmic edema of the 
majonty of keraunocytel-: a few cells ~howed frank 
cytolvs1s. 
OISCl!::'SIO!\ 
If the epidermal lysosome is indeed one of the 
pnmaT\ targets of L'\' light. one would expect 
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Ftc. 7: Irradiated skin , 12 hr after irradiation. Dysker-
atotic "sunburn" cell. Lysosomes containing Thorotrasl 
(arrows) are present between clumped tonofilaments 
(TO. Note absence of diffusely distributed tracer. N, 
nucleus. ( x 12,500) 
Ftc. 8: Nonirradiated control, treatment with 0.25% 
Triwn-x -100. Note spilling of tracer after incubation 
with the lysosome labilizer. ( x 18,000) 
lysosome lysis to occur before cytoplasmic damage 
and alterations of cellular morphology develop. 
Our results fail to provide evidence for such an 
event. Epidermis obtained immediately after irra-
diation showed cell damage without lysosome lysis 
and although there was also some lysosome lysis 
without structural alterations, its incidence and 
degree did not differ from that noted in nonir-
radiated epidermis. Comparisons of irradiated and 
nonirradiated epidermis revea led no s ignificant 
differences of lysosomal behavior and. had it not 
been for the structural changes observed in the 
irradiated specimens. the two would have been 
indistinguishable. This result was unexpected 
since it contrasts with the conclusions derived from 
other studies and it therefore appears appropriate 
to brielly review the data that have implicated 
lysosomes as primary photochemical reaction sites 
in the epidermis. 
Biochemical a ssays on homogenates of irradi -
ated whole skin have shown a significant decrease 
of acid phosphatase activity which was ascribed to 
a release of lysosomal hydrolases and a concomi-
tant consumption of such enzymes due to their 
involvement in several biochemical reactions [31. 
Acid maltase has also been described to be de-
creased in irradiated epidermis [21] whereas an-
other st udy reported an increase of acid phospha-
tase in epidermal homogenates after irradiation 
[2]. Since these data are based both on whole skin 
and isolated epidermis they a re difficult to com-
pare and, if so desired, both the reported decrease 
and increase of acid hydrolase activity could be 
interpreted as compatible with the lysosome hy-
pothesis. 
Another example frequently cited in support of 
this hyothes is is an experiment in which it was 
shown that hydrocortisone reduced the radiation-
induced cellular damage in fetal rat s kin in organ 
culture (4]. Since hydrocortisone s tabilizes lysoso-
mal membranes, this effect was interpreted to 
reflect a s tabilization of epidermal lysosomes 
which was I hought to have prevented lysosome-
induced cytolysis; subseq uently, this interpreta-
tion has been frequently referred to as conclusi\·e 
evidence tha t radiation-induced damage of the 
skin is a direct consequence of lysosome lys is. 
His tochemical inves tigation!> of irradiated epi-
dermis performed at the light microscope level 
have reported an early increa1:>e (after 1 hr) and 
subsequent disorganization and decrease of punc-
tate s taining for acid phosphatase [5 ]. A specific 
damage of epidermal lysosomes by UV light was 
postulated but. apart from the fact that not every 
acid phosphatase-positive structure in the epider-
mis is a lysosome, s.ubtle changes of cellular 
morphology may not have been detected with the 
light microscopic techniques employed. The pres-
ent study demonstrate~ that, with comparable 
doses of UV energy. a considerable derangement of 
subcellular structure occurs immediately after ir-
radiation and that this apparently takes place 
before lysosomal alterations can be ascertained. 
In the prel'ent investigation. a labilization of 
labeled lysosomes was achieved by Triton X-100 
and considerable lvsosome lvsi~ was demon~trated 
in vivo in the later slag~s of the developing 
s unburn reaction . This rules aga ins t the possibility 
that our tracer had stabil ized the lysosomal mem-
branes. However, it may be questioned whether 
our lysosomes were st able in all respects or whether 
they were impermeable for Thorotrast only, per-
mitting an early release of hydrolytic enzymes 
through a morphologically intact membrane. This 
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possibility cannot be ruled out by the methods 
available at present. One report claims to have 
shown, by electron microscopic cytochemistry, a 
release of acid phosphatase from morphologically 
intact lysosomes into the cytoplasm of cultured 
cells in vitro [2) but this interpretation is open to 
debate for the results were brought about by 
manipulating the fixation and incubation proce-
dures employed. 
The results of the present paper should not be 
interpreted to imply that lyso~omel. are not at all 
involved in the U\' reaction of the skin. Considera-
b le lysis of lyso~;omes was observed in the later 
stages of the UV react ion but since this was 
p receded by severe cytoplasmic alterations, it 
probably represented a secondary phenomenon. 
Recent experiments dealing with ultras! ruct ural 
and biochemical changes in rat li,·er lysosomes 
after whole-body x-ray irradiation [23] have shown 
a significant increase of acid ph~phatase activity 
within lysosomes during the first 2 hr after expo-
sure although there were no structural alterations 
of lysosome, or cytoplasm at this time. From 2 to 
12 hr after irradiation there was a decrease of 
enzyme acti\ tty wtthin the lyso!.omes and this was 
accompanied by a ~radual breakdown of lysosomal 
membranes and increasing cytoplasmic damage. 
The early increase of acid phosphatase activity 
within otherwise normal-appearing lysosomes wa!> 
ascribed to increased synthesis or activation of the 
lysosomal em:yme [23) which may have been 
monitored by extralysosomal radiation products. A 
similar mechani!im may be hypothesized for UY-
irradiated epidermis. Since U\' light is known to 
induce profound altern! ions of epidermal ON A, 
such as thymine dimerization, and since this can 
be dete('ted immediately after UV irradiation )24, 
t), it appears likely that Jabilization of epidermal 
lysosomes is one of >.everal consequences of nucleic 
acid injury. 
The author~ gratefully acknowledge the excellent tech-
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